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的高活性重组蛋白。本研究的策略是通过摸索 HEK 293 6E 悬浮细胞的无血清瞬
时转染条件和转染方法，并通过 Fed-Batch 方式补料维持细胞良好状态来达到提
高瞬转产量。 
本研究以绿色荧光蛋白 GFP、嵌合抗体 10F7 cAb 为报告基因来评价转染和
补料等条件对瞬时表达产量的影响；以人源化抗体 E6F6 hAb、嵌合抗体 129G1 
cAb、嵌合抗体 5F9 cAb 为报告基因来评价信号肽改造、密码子优化对瞬时表达
产量的影响。HEK 293 6E 细胞无血清转染优化条件包括培养基、真核载体、
DNA/PEI 比例、细胞密度、转染方法等等。经过优化后在 4×106 cells/ml 细胞密
度下以 PEI 为转染试剂， pTT5 为表达载体，DNA/PEI 为 1/8 条件下转染，转染
效率可以达到 60%以上，10F7cAb 产量可由初始 40mg/L 提高至 313mg/L。而采




高范围从 15%至 35%，最高表达产量可达 553mg/L。本研究也对外源基因的信号
肽和密码子组成进行了改造。信号肽改造对于不同抗体分别有 33%和 112%的产
量提高，而密码子优化后的 5F9cAb 表达产量比原始提高了 25 倍。 
我们利用初步建立的 HEK 293 6E 细胞瞬时基因表达系统表达了多种蛋白，
并以禽流感病毒 H5N1 亚型的 HA 蛋白的表达、纯化及活性鉴定为例对此表达平
台进行评价。结果表明，经改造后瞬时表达的 HA0 具有血凝活性。 
 

















In recent years, the demand for recombinant therapeutic proteins has 
significantly increased in the drug market. Mammalian cell lines have emerged as a 
new and powerful alternative for the production of therapeutic proteins due to their 
ability to perform many of the necessary post-translational modifications for full 
bioactivity. Recently, improvements in the transient gene expression (TGE) system 
have shown that mammalian cells can be used to produce a large number of highly 
active recombinant proteins in a short time. In this study, we sought to improve 
productivity by focusing on the facilitated transfection of HEK 293 6E, and by 
improving cell maintenance and protein expression through a fed-batch process. 
Green fluorescence protein (GFP) and 10F7 cAb were used as report proteins to 
assess and improve transient gene expression in HEK 293 6E cells under various 
transfection or fed-batch conditions. E6F6 hAb, 129G1 cAb, and 5F9 cAb were used 
as report proteins to estimate the effects on multiple signal peptides and codons. In 
order to optimize the transient expression in HEK 293 6E cells, we altered 
experimental parameters including culture medium, vector, DNA-to-PEI ratio, cell 
density, and transfection methods. Following data aquisition, the transfection 
efficiency was shown to be 60% under experimental conditions with cell densities of 
4×106 cells/ml, PEI and pTT5 as the transfection agent and expression vector 
respectively, and a DNA to PEI ratio of 1/8. Furthermore, the producion of 10F7 cAb 
increased from 40mg/L to 313mg/L. Following a DOP protocol transfection 
efficiencies were shown to be 70%, with 10F7 cAB production over 400 mg/L. 
To improve cell maintenance and protein expression, a fed-batch culture was 
maintained using media enriched with animal protein hydrolysate, sodium butyrate, 
vitamin B12, ferric citrate, and feed medium. These nutrients were shown to increase 
protein production from 15% to 35%, with the greatest expression up to 553mg/L. In 















codons which increased protein production by 33% in E6F6 hAb and 112% for 129G1 
cAb cells. The production of 5F9 cAb was 25 times after codons optimized than the 
origin. 
We had previously discovered optimized TEG system in HEK 293 6E cells, 
leading to the successful production of variety of proteins. For example, we have 
already constructed, expressed, and purified a recombinant HA0 protein, which 
proved more effective than the HA0 protein produced within yeast. This HA0 protein 
can be indentified with hemagglutination activity. 
 








































Avian Influenza Virus 
Antibody-Dependent Cell Cytotoxicity 
 





bp base pair 碱基对 










Complementarity Determining Region 
互补 DNA 
抗原决定簇 
CHO-S Chinese hamster ovary suspension cells 中国仓鼠卵巢癌细胞（悬浮） 
CMV Cytomegalovirus 巨细胞病毒 
DHFR dihydrofolate reductase 二氢叶酸还原酶 




Developmental Operating Procedure 
脱氧核糖核酸 
优化的操作步骤 
ELISA Enzyme-linked immunosorbant assay 酶联免疫吸附试验 
FBS 
FcRn 
Fetal bovine serum 
Fc receptor  
胎牛血清 
Fc 受体 
FDA Food and drug administration  美国食品药品监督管理局 
GAH Goat anti human 山羊抗人 









Human embryo kidney cells 293 

















HI Hemagglutinination inhibition test 血凝抑制实验 
HIV Human immunodeficiency virus 人类免疫缺陷病毒 
HRP Horseradish peroxidase 辣根过氧化物酶 
H & T Hypoxanthine & Thymidine 次黄嘌呤和胸腺嘧啶核苷 
IgG Immunoglobulin  免疫球蛋白 G 
kD kilo Daltons 千道尔顿 
mAb Monoclonal antibody 单克隆抗体 
mRNA Messenger RNA 信使 RNA 







Ori Origin 复制起始位点 
PCR Polymerase chain reaction 聚合酶链式反应 
PEI Polyethylenimine 聚乙烯亚胺 
PH Hydrogen ion concentration 氢离子浓度指数 
RNA Ribonucleic acid 核糖核酸 
SFM Serum Free Medium 无血清培养基 
SIV Simian immunodeficiency virus 猿免疫缺陷病毒 
TGE Transient Gene Expression 瞬时基因表达 
tPA Tissue Plasminogen Activator 组织型纤溶酶原激活剂 
VCD Viable cell density 活细胞密度 
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自 20 世纪 70 年代末以来，生物技术的发展和进步使蛋白质体外合成成为可
能，这些利用 DNA 重组技术或 RNA 重组技术获得的蛋白质称之为重组蛋白。
与以往的小分子药物相比，重组蛋白药物具有活性高、特异性强、毒性低、生物
功能明确、利于临床应用等优点，使其广泛应用于医疗卫生领域。1984 年第一
个由原核表达系统 E. coli 生产的胰岛素正式投入人体治疗中[8]，标志着治疗性重
组蛋白时代的来临。而第一个由真核表达系统中国仓鼠卵巢细胞（CHO）生产
的组织性纤维蛋白溶酶原活化剂（tPA）也于 1986 年投入使用[9,10]，到目前为止，






















Fig.1.1 Market growth and distribution from 2004 to 2010 
 




抗体生产规模最大、销售收入最高，截止到 2012 年抗体类药物已超过 32 种。2012
年畅销的 11 种重组蛋白药物中有 7 种是治疗性抗体药物。2012 年仅罗氏公司上
市的治疗乳腺癌的抗体——赫赛汀全球销售额就超过 60 亿美金，由此可见抗体
市场的巨大。自 2007 年起，每年有超过 40 种单克隆抗体药物进入临床研究，表
1.1 中总结了近年来进入临床研究阶段治疗肿瘤相关的抗体。 
表 1.1 近年来进入临床研究阶段的单克隆抗体 
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